A low pass filter (LPF) using High-Low impedance line (Hi-Lo) interdigital Defected Ground Structure (DGS) with compact size and large stopband is presented in this paper. Both of the two characteristics are benefit from the introduction of the high impedance line in the conventional interdigital DGS, which can decrease the transmission zeros of the DGS without changing its overall size. To better explain the principle of the proposed DGS, the equivalent circuit is also built and extracted.
Introduction
DGS is first introduced by Dal Ahn [1] . By etching a defected pattern in the ground, the shield current distribution in the ground plane is disturbed and excellent bandgap characteristic in some frequency bands is obtained with only one or more unit DGS cells. This useful characteristic attracts researcher's attention. Varieties of DGS structures, such as symmetrical, asymmetrical and periodic structures, have been designed and used in microwave and millimeter wave circuit, especially in filter applications [2, 3, 4, 5, 6, 7, 8] . Filters based on uniform interdigital DGS slot, with sharp roll-off and wide stopband are also reported [9, 10] .
In the uniform interdigital DGS presented in [9, 10] , transmission zeros are adjusted mainly by tuning the length of the finger. To get lower transmission zeros, the finger length increases, which enlarges the size of LPF. While reducing the finger width can increase the inductance, but it will also decrease the couple capacitance, resulting in the resonant frequency unchanged or even increasing. That's means the width of finger should be large enough to keep the couple capacitance at certain level. Then the Hi-Lo interdigital DGS is proposed in the paper. The low impedance line of the finger keeps the couple capacitance at certain level, while the high impedance one increases the inductance, finally resulting in the lower working frequency without enlarging the DGS size. A LPF using two cells of the proposed DGS has been designed, fabricated and measured. The measured results show good roll-off performance and wide stopband with large size reduction.
Characters of the DGS cell
The geometric structure of the proposed DGS and its equivalent RLC circuit are shown in Fig. 1 . As shown in Fig. 1a , the proposed DGS is consist of three open Hi-Lo impedance fingers with same size in the ground plane. Each finger is consists of a low impedance line (line1) and a high impedance line (line2). The finger becomes uniform finger when the width of line1 and line2 is equal. The DGS is fed by a low impedance line in the center of the top side, while the 50 Ohm characteristic impedance line is used to lead out properly. Fig. 1b gives the RLC equivalent circuit. To model the DGS cell as more accurate as possible, the differences of the electromagnetic field at the edge and the center of the DGS cell are considered here, which are reflected in the different values of the R, L, C components. It should be noted that the radiation loss of the DGS is modeled by the resistance. The whole size a, b control the inductance L1 and resistance R1, couple capacitance C1, C2, C5 and C7 are decided by g1, g2, g3 respectively, while C3 and C8 mainly depends on W2. Resonate pairs of RLC1 and RLC3 are decided by line1, while Line2 controls resonate pairs of RLC2 and RLC4.
The dimensions of the DGS cell in Fig. 1a are shown in Table I . To prove the effect of the W1, simulation with varied W1 from 0.2 mm to 1 mm is performed. Results are given in Fig. 2 . It should be noted that Hi-Lo interdigital DGS becomes uniform one when W1 ¼ 1 mm, which acts as a reference to prove the effect of the W1 on the resonant frequency. It can be seen that lower two frequencies move to the low side when W1 decreases, while keeping the highest one unchanged (less obvious), which is helpful in enlarging the stopband. The geometric configuration of the proposed LPF is shown in Fig. 4 , which includes the Hi-Lo impedance transmission line on the topside and two proposed DGS units in the ground plane. The dimensions of the LPF are shown in Table III. Simulation and measurement were accomplished using EM simulation HFSS15.0 and Agilent E8363B network analyser respectively. The simulation and measurement results are shown in Fig. 5 . Changes are found between simulated and the measured results, which may be caused by the fabrication error and the difference in dielectric constant between simulated and real one. As can be seen, [9] , about 77.7% size reduction as well as more than 4:51f c stopband with rejection better than −20 dB is achieved. Comparison with some reported LPF is given in Table IV .
Conclusion
A LPF based on Hi-Lo interdigital DGS has been designed, fabricated and measured. The measured results show good agreement with that of the simulation.
Compared with the uniform one in [9] , about 77.7% size reduction as well as more than 4:51f c stopband with rejection better than −20 dB is achieved, which shows the potential of the proposed DGS in size reduction and applications working at low frequency. 
